Link-enriched video can support users in informative processes of environmental opinion-forming and decision-making. To enable this, we need to specify the information that should be captured in an annotation schema for describing the video. We conducted expert interviews to elicit users' potential information needs. We carried out a user survey to assess the relevance of the identified information types. Finally, we observed users' behaviour and needs when presented with a selection of video segments. Our results indicate that certain types of information about the environmental problem, the opinions expressed, the people expressing them and the sources are more relevant for users.
INTRODUCTION
The deterioration of the ecosystems on which we depend is currently one of the most important international concerns we face. The participation of informed citizens in the debate on decisions affecting sustainable development of our society is fundamental to addressing these issues [2] . Television plays a key role in providing audiovisual information, which enables the communication of extensive amounts of information quickly. It also enables conveying feelings, emotions and abstract interactions, which are difficult to express through other media [5] . By combining the potential of audiovisual information to engage and entertain with the capacity of digital hypermedia to connect ideas, link-enriched video can enhance the processes of opinion-forming and decision-making, e.g. in the context of environmental issues.
Our challenge is to identify the information that should be captured in video annotations that will support the enrichment of TV broadcasts with information that is pertinent to users. The main problem is the gap between what users' need and what broadcasters can do to meet these needs within their time and budget constraints. In this paper, we specify the information that should be captured in an annotation schema for link-enriched video that is able to support users' information requirements in the processes of opinion-forming and decision-making on environmental issues. Specifically, we identify information that can be provided and prioritise users' information requirements.
We conducted expert interviews (section 3) to consolidate an inventory of types of information that users need to form opinions and make decisions on these issues. From these we selected specific user requirements by conducting: a user survey (section 4) to gain insights into the information and tools that users claim they need; and a user experiment (section 5), to directly observe the types of information that participants used.
RELATED WORK
Environmental issues are notoriously complex, and require the understanding of different types of information from many perspectives [6, 7] . Opinion-forming and decisionmaking require "a complex search for information, full of detours, enriched by feedback from casting about in all directions, gathering and discarding information, fueled by fluctuating uncertainty, indistinct and conflicting concepts" [7] (p.86). Link-enriched video has the potential for rapid information location within collections of video material by allowing users to select content segments, jump to related information during playback, and return to material earlier in the sequence or a previous segment [3] .
Through a literature review, we identified and selected a number of information types that describe aspects of environmental videos. These provide an initial framework for the study of information requirements in this domain. The types and their references can be seen in Table 1 .
We use this groundwork on information to form opinions to guide the series of interviews with experts on the topic.
When environmental problems are under debate, people express their opinions. Therefore, considering argumentation and rhetoric in the annotation of videos in this domain 
EXPERT INTERVIEWS
Expert interviews were conducted to inventorise the spectrum of types of information users need.
Method
Interviewees. Five experts were interviewed: a project manager who works for a broadcaster (interviewee 1, I1); a social communicator who works with environmental risks and disasters in a governmental organization (I2); a researcher and developer of videos and documentaries in a research institute (I3); a project manager who designs environmental education programs in a non-governmental organisation (I4); and an expert who works for environmental and water consultancy in a governmental organisation (I5).
Interview. Two types of semistructured interviews were conducted: one for experts from the field of video production and broadcasting (I1, I3) and another for environmental governance experts (I2, I4, I5). The specific questions asked can be found in [4] .
Results and discussion
According to the experts, users require sufficient information to form a complete, unbiased and informed opinion or decision (I4 and I5). The types of information that experts mentioned are summarized in Table 1 .
Both literature and experts indicate that environmental video content can be enriched from multiple perspectives. All information previously elicited was organized in types and subtypes to configure a set of data to be used in the next stages of the study (Table 1) . Annotating all these types of information in video content might not be viable and feasible for broadcasters. A prioritisation is needed and thus we ask potential users.
USER SURVEY
We conducted a user survey to assess the types of information that could be captured in an annotation schema. Users were asked to reflect on their information needs when forming their environmental opinions or decisions.
Method
Survey. An online survey of 19 questions was carried out from May 26th to June 3rd 2012. It included general questions and specific ones on shale gas drilling. Users had to imagine that there was a project aiming to build a shale gas drilling pad in their own region. They were asked to suppose they were informing themselves on the topic. Two video segments were shown (see questions in [4] ).
Measurements. The types of information in Table 1 were included in the survey. For most of the questions Likert scales of 5 items were used. In other cases, users were asked to rank variables using a drag and drop function (options were randomly ordered to reduce bias). Text fields for comments and open questions were included.
Participants. The sample comprised 213 participants. Respondents varied in age, gender, country of residence, level of education and frequency of time spent watching TV, online videos and reading the newspaper.
Results and discussion
The main results of the survey are shown in Figure 1 . Whereas around 90% of the respondents agreed that identifying whether a statement is a fact or an opinion is important (M = 4.3, SD = 0.7), only 73% stated that it is possible to differentiate them in a discourse (M = 3.8 , SD = 0.8).
Even though users claimed that factual information is more relevant than emotional and ethical arguments, when being asked about the usefulness of two video segments they had seen (one classified by them as an opinion and the other as a blend of facts and opinions) no difference was made. There is a contradiction between what they claimed that is relevant and the level of usefulness assigned to the video segments they watched.
The 3 most useful sources of information for users are: scientific papers and reports (M = 9.5, SD = 2.6), documentaries (M = 8.4, SD = 2.4); and newspapers (M = 6.6, SD = 3.2). The most frequent need expressed was to have access to evidence, facts, objective and unbiased information, exact data and results from research. Opinions from "independent" people (not affiliated or part of a company) holding a "neutral" and "honest" position were highlighted.
Users prefer complete information over pieces of information. They want benefits and disadvantages, pros and cons of the issue and costs and benefits. Risks involved and other aspects related to the safety, security and health implications, and the consequences in the short and long term were mentioned by many participants. Some users find the scientific and technical perspective more relevant than the security and safety perspective, whereas in open questions users' expressed their interest for the latter.
A frequent information need is to know about possible alternatives to achieve the same goals. Users want to compare benefits and disadvantages of these to choose the best cost-benefit balance. They are also interested in knowing about the level of community need for the benefits of the issue under discussion. Several participants mentioned the need to know who benefits, who is making money out of it, who support the initiatives and who are against.
USER EXPERIMENT
To assess the level of priority of the types of information needed for forming opinions and making decisions, we observed the way users perform information tasks on a specific environmental issue. We compared the results with those obtained in the user survey.
Method
We created a website including meaningful titles for 25 segments on shale gas drilling depicting a single speaker's or organisation's opinion. Each represented a type of information from our initial set (Table 1 ). 6 participants, of which 5 female, had to select a video segment using its title, from which we inferred the type of information they wanted.
Procedure. Users watched a short video introducing the issue and were then asked to imagine that they had to decide whether to sign a petition for or against shale gas extraction in their region. To inform themselves, they chose 3 video segments. Before and after watching each segment they were asked about their expectations and the reasons for their choice. After each segment, they were given 3 minutes to consult online resources. They had to decide whether they agreed with or believed the ideas expressed; or they had to check any other additional information need triggered by the segment. Finally, users were asked to rank and explain the usefulness of the sources they used.
Results and discussion
Three participants (P1, P5 and P6) decided to watch the "Arguments supporting shale gas drilling". Other segments were chosen by two participants: "Impact on human communities" (P1, P3), "Arguments against shale gas drilling" (P4, P5), "Potential outcomes" (P4, P6), "Diverse opinions" (P2, P6), "Health implications" (P3, P5). Users chose to access the video segments using a dimension of analysis in 4 cases, the direction of the opinion in 5 cases and using other categories in 9 cases. None of the participants chose a segment titled by the type of actor giving arguments. A detailed analysis of the results can be found in [4] . The most frequently expressed needs were safety, security and health implications, outcomes and future scenarios.
Words and phrases such as "impacts", "effects", "risks" "disadvantages" and "health implications" were used in users' queries. When searching for information online after watching each segment, some participants found difficulties in specifying terms for their queries. One participant expressed her/his desire to access an explanation in "easy words". 3 participants were interested in checking alternatives to shale gas drilling or solutions implying less negative impacts for human beings (P2, P3, P6) .
The need to consider opinions from people that are more neutral, objective or that do not have particular interests or benefits on the issue was highlighted.
Even though most of the participants stated their intention to be informed from many points of view, they tended to choose all the segments following one topic or direction. 5 participants decided to be against shale gas drilling almost from the beginning of the experiment (P4 was the exception). When a segment contained supporting arguments they considered them as less useful and biased. This confirms what persuasion theories state: users tend to give more weight to arguments that support their own opinion.
Two participants (P3 and P4) had chosen 3 segments in advance and later decided to switch them. This could indicate that information needs evolve while forming an opinion and are renewed each time new information is processed.
All participants used the Google search engine, 3 accessed Wikipedia, 2 scanned Google results lists, 1 accessed Google Scholar (P2), 1 used YouTube (P5). Other sources used were news sites and web sites specialized in the topic.
The use of Wikipedia in the experiment suggests its relevance, even though in the survey it was ranked in the 6th position out of 9. Users did not always pay attention to the name of the source or its credibility. Many of the sources they opened were not familiar to them. Only one participant reflected on the importance of the trustworthiness of the source (P2). Participant 3 considered whether the site contents were reviewed by experts or not to rank them. In many cases users scanned scientific papers and reports.
Even though on several occasions participants mentioned they wanted to listen to an expert, none chose to access a segment representing the opinion of a particular actor. To determine whether to believe a speaker or not, users searched for concepts mentioned by the speaker. A participant (P4) expressed s/he wanted to know the name of the speaker to look for information about his background.
CONCLUSION
From the broad spectrum of information that could be captured in video annotation we identified the most meaningful types for users:
• Details about the problem: location and date; advantages and disadvantages of the main environmental processes involved, the level of community need for the resulting benefits, possible alternatives and outcomes for the community.
• Position or opinion: direction of arguments, relations between the main topic and other topics and arguments about the future; safety, security and health implications; scientific and technical perspective; level of subjectivity (pathos) and objectivity (logos) identified in a discourse; direction of opinions (favourable, neutral or unfavourable) and relation between them (opposite or similar).
• Person: how the speakers benefit from the position they hold, the organisations and affiliations s/he belongs to, his/her name, profession and occupation; links to different arguments expressed by a speaker and relation between those arguments (opposite or similar); experts' and scientists' explanations.
• Sources: the name and level of trustworthiness is relevant; users prefer scientific papers and reports and Wikipedia to enrich the video content.
